A new techniquefor recording His bundle and right bundle-branch electrograms via the arm veins is described. In 25 patients an ordinary bipolar pacing catheter was introduced into an arm vein and the tip positioned in the right atrium. The catheter tip was looped in a figure-of-six (6) shape in the right atrium. The loop was advanced across the tricuspid valve into the right ventricle. A slight withdrawal of the catheter results in partial opening of the loop and approximation of the catheter tip to the vicinity of the His bundle. Further withdrawal ofthe catheter tip results in additional opening ofthe loop into a Ushape with the tip directed towards the outflow tract of the right ventricle, enabling one to record right bundle-branch potentials. In If of the 25 patients simultaneous His bundle recordings were obtained by the above approach and via the conventional femoral route; the His bundle electrograms were similar in shape and duration. The conduction times, i.e. AH and HV, were also similar during normal sinus rhythm and atrial stimulation. The procedure time via the arm veins was comparable to or even shorter than the time required by the femoral approach.
A new techniquefor recording His bundle and right bundle-branch electrograms via the arm veins is described. In 25 patients an ordinary bipolar pacing catheter was introduced into an arm vein and the tip positioned in the right atrium. The catheter tip was looped in a figure-of-six (6) shape in the right atrium. The loop was advanced across the tricuspid valve into the right ventricle. A slight withdrawal of the catheter results in partial opening of the loop and approximation of the catheter tip to the vicinity of the His bundle. Further withdrawal ofthe catheter tip results in additional opening ofthe loop into a Ushape with the tip directed towards the outflow tract of the right ventricle, enabling one to record right bundle-branch potentials. In If of the 25 patients simultaneous His bundle recordings were obtained by the above approach and via the conventional femoral route; the His bundle electrograms were similar in shape and duration. The conduction times, i.e. AH and HV, were also similar during normal sinus rhythm and atrial stimulation. The procedure time via the arm veins was comparable to or even shorter than the time required by the femoral approach.
The new catheter technique, i) provides an alternative route for catheter introduction in patients in whom femoral veins cannot be used, and 2) may prove to be the method of choice in selected cases requiring long-term monitoring ofHis bundle potentials in view of the stability of the His bundle recordings.
In the past 5 years His bundle recordings have made a significant contribution scientifically to the understanding ofhuman electrophysiology and clinically to patient management (Narula et (Narula and Samet, I972) .
The purpose of this study is to illustrate and describe in detail our technique for His bundle recordings via the arm veins with an ordinary bipolar pacing catheter, to discuss the advantages of this method as opposed to that requiring a special catheter (Gallagher et al., I973) , and to analyse the relative merits of this approach over that of the femoral route.
Subjects and methods
Twenty-five adult patients with atrioventricular conduction disturbances were studied in the postabsorptive state. Patients were premedicated with ioo mg pentobarbitone sodium administered intramuscularly one hour before the study. His bundle recordings were obtained via an ordinary bipolar pacing catheter (5F in size and A new catheter technique for His bundle recordings via the arm veins 1227 with ring electrodes i cm apart) introduced percutaneously through a femoral vein, as described previously (Narula et al., 197oa) . Another ordinary bipolar pacing catheter, without any preformed shape and similar to the femoral catheter, was introduced into the right atrium through an arm vein (cephalic or basilic). The catheter was introduced either percutaneously through a I4 gauge Medicut needle or through a surgically exposed vein in the right (23 patients) or left arm (2 patients). The catheter tip is looped into a figure-of-six in the right atrium (Fig. I ). This loop is gradually advanced across the tricuspid valve into the right ventricle until the catheter tip is positioned in the region of A rA the tricuspid valve (Fig. 2, Panel A) . Slight withdrawal of the catheter at this time permits partial opening of the loop and placement of the recording tip electrodes in the vicinity of the His bundle. The proximity of both the catheter tips, i.e. the arm and femoral, is shown in Fig. 2 , Panel B. The main aim is to position the electrodes in the superior angle of the tricuspid valve. This goal may be achieved by forming any shape of loop at the catheter tip. Fig. 3 shows that despite different shapes of the loop the recording electrodes are positioned in the same region, i.e. the His bundle. It is to be pointed out that in the patient shown in Fig. 3 Fig. I ).
The proximal terminals of the bipolar electrode catheters were connected to a multichannel oscilloscopic photographic recorder. Simultaneous bipolar His bundle recordings were obtained from both catheters together with 3 standard electrocardiograph leads (I,aVF, Vi). The standard lead electrocardiograms and bipolar His bundle electrograms were recorded at 0-20 and 40-200 Hz, respectively. All recordings were made at paper speeds of ioo mm/sec with time lines at one-second intervals. In 15 patients His bundle recordings were obtained via both routes, i.e. femoral and arm, and in the remaining I0 via the arm veins alone. Right bundle-branch electrograms were also obtained via the arm catheter. This was achieved by an additional slight withdrawal of the catheter which enables opening of the loop into a U shape with the catheter tip directed towards the outflow tract of the right ventricle.
In all patients studied, the right atrium was paced at progressively increasing rates up to I5o a minute or until 
Results
His bundle electrograms were successfully obtained in all cases via the femoral route and in all except one via the arm route within five minutes of the catheter introduction into the right atrium. The procedure time via the arm was either comparable to or shorter than the femoral approach.
The recorded right bundle and His bundle potentials via both the arm and femoral approaches were similar in duration and shape, and conduction times, i.e. AH, HV, and RBV, were identical ( Fig. 4 and 5) . However, the amplitude of the His bundle deflection varied with the proximity of the recording electrodes to the His bundle and changed with a slight displacement in electrode position. The location of the His bundle deflection and the HV times were similar and constant throughout. On the other hand, the AH times, though usually similar on both the electrograms, may vary slightly at times (by 5 to io msec) depending upon the amplitude of the A wave (recorded from the area of the AV junction) and the catheter positions. The latter variations were not secondary to a change in His bundle deflection. The response to various interventions, e.g. induced premature atrial beats or atrial pacing was similar using both techniques (Fig. 5 and 6 (Narula and Samet, I972) . The present study illustrates the technique in detail along with our additional experience. The arm approach provides a new alternative method of recording His bundle and right bundle electrograms. Our method is different from another recently reported (Gallagher et al., I973 ). In contrast to the specially designed tripolar (6F) electrode catheter with a tip deflection device used by Gallagher and associates, we have used an ordinary bipolar pacing (sF) catheter for His bundle recordings via the arm veins (Narula and Samet, I972). Our approach offers the following advantages. a) It eliminates the necessity for acquiring additional specially designed catheters at extra cost, especially for laboratories with a limited budget. b) It provides an opportunity to obtain His bundle electrograms in a majority of the hospitals with standard fluoroscopic equipment and an ordinary pacing catheter available. c) The smaller size of the catheter (5F as compared to 6F) enables percutaneous insertion of the catheter in an arm vein through the readily available I4 gauge Medicut needle. Furthermore, because of the flexibility of the ordinary pacing catheters resulting from their smaller size (5F) and smaller number of electrodes (two), the catheter can easily be manoeuvred through the shoulder region while using the cephalic vein. The latter veins are usually larger in size than the superficial basilic veins, and in our experience we have successfully used the superficial cephalic veins in at least 80 per cent of the cases attempted; the latter veins were entered percutaneously in almost all of the cases. In addition, either of the arms, right or left, may be used. d) Since some of the patients studied may be candidates for a temporary pacemaker, the same catheter can be readily left in place (atrium or ventricle) for pacing purposes without requiring a change in catheter. e) It eliminates the need to shave the groins and pubic hair.
It is of interest to note that, though the very first His bundle electrograms in man were obtained via an electrode catheter introduced through an arm vein, the initial workers were successful in only a few cases (Giraud et al., I960; Watson et al., I967 The reasons for failure of the initial attempts through the arm veins are explained by the anatomy of the AV conducting tissue. The His bundle is located in the superior portion or angle of the tricuspid valve and along its septal leaflet. Thus, an electrode catheter inserted from the leg is automatically directed to the superior angle of the tricuspid valve or the His bundle region (Fig. 2) , whereas a catheter from the arm is headed in the opposite direction to the inferior portion or angle of the tricuspid valve. The recent efforts in the development of the arm technique have therefore been directed at devising a method by which the catheter tip may be placed in the superior angle of the tricuspid valve. Gallagher and associates (1973) have overcome this difficulty by the use of a tip deflection device to position the catheter tip in the desired direction. On the other hand, we have accomplished this more simply by using an ordinary bipolar pacing catheter to form a figure-of-six loop within the right atrium and advancing the looped tip in the desired region (Fig. 6) Fig. 7 . Despite a significant movement in the position of the two catheters (A and F) during different phases of cardiac cycle, identical His bundle electrograms were obtained. This suggests that a) pin-point localization of the catheter electrodes is not necessary for His bundle recordings; b) the His bundle electrogram represents the activity of the entire His bundle rather than a portion of it or of the fibres adjacent to the recording electrodes (Rosen et al., I97I; James, I970) . If the latter were the case, then the His bundle electrograms obtained by two catheters relatively far apart (Fig. 7) should have different duration of His bundle deflections and HV times, but this was not so.
On the other hand, the electrode catheter tip must be precisely directed and positioned selectively to stimulate the His bundle. His bundle stimulation via the femoral approach has been successful in several hundred cases in our hands (Narula, Scherlag, and Samet, 197ob; Narula, I973c) . The reasons for the lack of success by others is probably due to their use of multipolar electrode catheters (especially Elecath catheters) which are not flexible to the same degree as a smaller catheter with only two electrodes. In our hands 'dacron' woven ordinary bipolar pacing catheters (5F) have proved ideal for recordings and stimulation of the His bundle. However, it has been observed that despite excellent recordings of His bundle potentials, stimulation of the latter via the arm route could not be achieved in most of the cases in which it was possible via the femoral route. The inability to stimulate the His bundle in most of the cases via the arm approach is probably caused by the lack of precise pinpoint positioning of the tip electrodes.
